
BackgroundBackground EmotionrecognitionEmotionrecognition

impairments have been demonstrated inimpairments have been demonstrated in

schizophrenia, but few studies haveschizophrenia, but few studies have

examinedwhether these reflectexaminedwhether these reflect

generalised or specific perceptual deficitsgeneralised or specific perceptual deficits

or are associatedwith illness course.or are associatedwith illness course.

AimsAims To examine thenature of emotionTo examine thenature of emotion

recognition abnormalities in patientswithrecognition abnormalities in patientswith

schizophrenia atdifferent stages of illness.schizophrenia atdifferent stages of illness.

MethodMethod We examined theWe examined the

performance of 50 in-patientswith early-performance of 50 in-patientswith early-

stage schizophrenia, 50 with chronicstage schizophrenia, 50 with chronic

schizophrenia and 50 healthycontrols onschizophrenia and 50 healthycontrols on

the Benton Facial RecognitionTest,Facialthe Benton Facial RecognitionTest,Facial

Emotion RecognitionTest and VoiceEmotion RecognitionTest and Voice

Emotion RecognitionTest.Emotion RecognitionTest.

ResultsResults Patientswith chronicPatientswith chronic

schizophreniawere significantlymoreschizophreniawere significantlymore

impaired than other groups ontheimpaired than other groups onthe

emotional tasks, even after controlling foremotional tasks, even after controlling for

impairments innon-emotional stimuli.impairments innon-emotional stimuli.

Individual emotionrecognition accuracyIndividual emotionrecognition accuracy

for the two sensorymodalitieswasnotfor the two sensorymodalitieswasnot

significantlypositivelycorrelated foreithersignificantlypositivelycorrelated foreither

groupwith schizophrenia.groupwith schizophrenia.

ConclusionsConclusions EmotionrecognitionEmotionrecognition

deficits in schizophrenia are trait featuresdeficits in schizophrenia are trait features

ofthe disorder and increasewith illnessofthe disorder and increasewith illness

duration.duration.
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Impaired emotion identification has beenImpaired emotion identification has been

repeatedly demonstrated in patients withrepeatedly demonstrated in patients with

schizophrenia (Doughertyschizophrenia (Dougherty et alet al, 1974; Kerr, 1974; Kerr

& Neale, 1993; Borod, 2000; Edwards& Neale, 1993; Borod, 2000; Edwards etet

alal, 2001; Silver, 2001; Silver et alet al, 2002) and may contri-, 2002) and may contri-

bute to the dysfunction in social communi-bute to the dysfunction in social communi-

cation observed in this population (Hookercation observed in this population (Hooker

& Park, 2002; Pinkham& Park, 2002; Pinkham et alet al, 2003). How-, 2003). How-

ever, several findings require further clarifi-ever, several findings require further clarifi-

cation. We therefore examined emotioncation. We therefore examined emotion

recognition impairments in schizophreniarecognition impairments in schizophrenia

in order to determine whether: (a) thesein order to determine whether: (a) these

were independent of any deficits in thewere independent of any deficits in the

identification of non-emotional facial andidentification of non-emotional facial and

vocal stimuli; (b) the magnitudes of positivevocal stimuli; (b) the magnitudes of positive

and negative emotion recognition impair-and negative emotion recognition impair-

ments in either modality were comparable;ments in either modality were comparable;

(c) these impairments were stable or pro-(c) these impairments were stable or pro-

gressive; (d) these impairments were signif-gressive; (d) these impairments were signif-

icantly correlated with symptom severity,icantly correlated with symptom severity,

demographic factors or neuroleptic dose.demographic factors or neuroleptic dose.

METHODMETHOD

ParticipantsParticipants

Participants were 100 in-patients fromParticipants were 100 in-patients from

Lublin University Psychiatric Hospital withLublin University Psychiatric Hospital with

schizophrenia in remission (diagnosed onschizophrenia in remission (diagnosed on

the basis of clinical interview according tothe basis of clinical interview according to

DSM–IV criteria; American PsychiatricDSM–IV criteria; American Psychiatric

Association, 1994); 50 patients (25 male)Association, 1994); 50 patients (25 male)

were recruited during the first or secondwere recruited during the first or second

episode of illness (episode of illness (442 episodes; mean dura-2 episodes; mean dura-

tion of illnesstion of illness¼2.0 years (s.d.2.0 years (s.d.¼1.3)) and 501.3)) and 50

(26 male) during later stages of illness ((26 male) during later stages of illness (4422

episodes; mean duration of illnessepisodes; mean duration of illness¼13.213.2

years (s.d.years (s.d.¼6.6)). All patients were clini-6.6)). All patients were clini-

cally stable after 4 weeks of neurolepticcally stable after 4 weeks of neuroleptic

treatment (65% atypical antipsychotics)treatment (65% atypical antipsychotics)

and were aged between 18 and 60 years.and were aged between 18 and 60 years.

The mean daily dose in chlorpromazineThe mean daily dose in chlorpromazine

equivalents was 365 mg (s.d.equivalents was 365 mg (s.d.¼165).165).

The 30-item Positive and NegativeThe 30-item Positive and Negative

Syndrome Scale (PANSS; KaySyndrome Scale (PANSS; Kay et alet al, 1987), 1987)

was administered to all patients by awas administered to all patients by a

trained rater (K. K.-P.) at the time of re-trained rater (K. K.-P.) at the time of re-

cruitment (Table 1). Controls were 50cruitment (Table 1). Controls were 50

healthy individuals (24 male; meanhealthy individuals (24 male; mean

ageage¼36.8 years (s.d.36.8 years (s.d.¼13.4)) with no his-13.4)) with no his-

tory of psychiatric illness recruited fromtory of psychiatric illness recruited from

the non-professional staff at Lublin Univer-the non-professional staff at Lublin Univer-

sity Medical School and Lublin Psychiatricsity Medical School and Lublin Psychiatric

Hospital.Hospital.

All participants were right-handedAll participants were right-handed

(Annett, 1970). Exclusion criteria included(Annett, 1970). Exclusion criteria included

the presence of a neurological disorderthe presence of a neurological disorder

(e.g. epilepsy, dementia), habitual drug or(e.g. epilepsy, dementia), habitual drug or

alcohol misuse and cognitive impairmentalcohol misuse and cognitive impairment

(a minimum score(a minimum score 5524 out of 30 on the24 out of 30 on the

Mini-Mental State Examination; FolsteinMini-Mental State Examination; Folstein

et alet al, 1975). Those who had difficulties, 1975). Those who had difficulties

with vision (including poor acuity and lackwith vision (including poor acuity and lack

of correction) or hearing (threshold greaterof correction) or hearing (threshold greater

than 35 dB at any frequency using a free-than 35 dB at any frequency using a free-

field voice test; Browning, 1998) were alsofield voice test; Browning, 1998) were also

excluded. Informed consent was obtainedexcluded. Informed consent was obtained

prior to participation in the study.prior to participation in the study.

Approval for the study was obtained fromApproval for the study was obtained from

the ethics committee of the Psychiatrythe ethics committee of the Psychiatry

Department of Lublin University MedicalDepartment of Lublin University Medical

School. Six patients with schizophreniaSchool. Six patients with schizophrenia

who volunteered to take part in the studywho volunteered to take part in the study

were not included in the final samplewere not included in the final sample

because either they were unable tobecause either they were unable to

complete the full set of tests owing tocomplete the full set of tests owing to

akathisia (three) or agitation (one) or theyakathisia (three) or agitation (one) or they

were discharged before completing thewere discharged before completing the

three experimental sessions (two).three experimental sessions (two).

ProceduresProcedures

All participants undertook three facialAll participants undertook three facial

recognition tasks and an emotion prosodyrecognition tasks and an emotion prosody

task on three separate occasions. Individ-task on three separate occasions. Individ-

uals rated their mood at the time of testinguals rated their mood at the time of testing

on a 10 cm scale ranging from ‘most depres-on a 10 cm scale ranging from ‘most depres-

sed ever’ on the extreme left (scoring 0) tosed ever’ on the extreme left (scoring 0) to

‘most happy ever’ on the right (scoring 100).‘most happy ever’ on the right (scoring 100).

The midpoint was not indicated on theThe midpoint was not indicated on the

scale (David, 1989).scale (David, 1989).

Facial Emotion RecognitionTestFacial Emotion RecognitionTest

The Facial Emotion Recognition TestThe Facial Emotion Recognition Test

(FERT) consists of a set of 36 photographs(FERT) consists of a set of 36 photographs

of human ‘emotional’ faces standardisedof human ‘emotional’ faces standardised

and cross-validated on an independentand cross-validated on an independent

group of healthy volunteers. These photo-group of healthy volunteers. These photo-

graphs were presented in slide form on thegraphs were presented in slide form on the

screen for approximately 10 s each, withscreen for approximately 10 s each, with

an interval of 10 s between photographs.an interval of 10 s between photographs.

The projector was positioned 2 m awayThe projector was positioned 2 m away

from the participant. Before this test, parti-from the participant. Before this test, parti-

cipants were provided with a written listcipants were provided with a written list

and definitions of nine fundamental emo-and definitions of nine fundamental emo-

tions: interest/excitement, enjoyment/joy,tions: interest/excitement, enjoyment/joy,

surprise/startle, distress/anguish, disgust,surprise/startle, distress/anguish, disgust,

contempt, anger/rage, shame/humiliation,contempt, anger/rage, shame/humiliation,
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fear/terror, and were asked to study thefear/terror, and were asked to study the

names and definitions. After each slide par-names and definitions. After each slide par-

ticipants selected the one emotion from theticipants selected the one emotion from the

list that best described the photograph andlist that best described the photograph and

wrote the number of this photograph in thewrote the number of this photograph in the

appropriate space under the definedappropriate space under the defined

emotion category (Izard, 1971). The orderemotion category (Izard, 1971). The order

of the items in both emotion facial tasksof the items in both emotion facial tasks

was randomised across participants.was randomised across participants.

Benton Facial RecognitionTestBenton Facial RecognitionTest

The Benton Facial Recognition Test (BFRT)The Benton Facial Recognition Test (BFRT)

is a standardised objective procedure foris a standardised objective procedure for

the assessment of the ability to identifythe assessment of the ability to identify

and discriminate photographs of unfami-and discriminate photographs of unfami-

liar, non-emotional human faces. The longliar, non-emotional human faces. The long

version of the test, comprising 54 responseversion of the test, comprising 54 response

items, was employed in this study (Bentonitems, was employed in this study (Benton

et alet al, 1994)., 1994).

Voice Emotion RecognitionTestVoice Emotion RecognitionTest

In the Voice Emotion Recognition TestIn the Voice Emotion Recognition Test

(VERT) participants were presented with(VERT) participants were presented with

a series of five semantically neutral sen-a series of five semantically neutral sen-

tences (e.g. ‘In winter there are short daystences (e.g. ‘In winter there are short days

and long nights’, ‘They will go first, theand long nights’, ‘They will go first, the

others will follow them’).others will follow them’).

Each sentence was spoken aloud by aEach sentence was spoken aloud by a

professional male actor in such a mannerprofessional male actor in such a manner

as to convey one of the six basic emotions:as to convey one of the six basic emotions:

happiness, sadness, fear, anger, surprisehappiness, sadness, fear, anger, surprise

and disgust, in addition to a neutraland disgust, in addition to a neutral

tone of voice. Thirty-five sentences weretone of voice. Thirty-five sentences were

recorded, digitised and normalised forrecorded, digitised and normalised for

average amplitude in a recording studio.average amplitude in a recording studio.

Each of five sentences was presented in theEach of five sentences was presented in the

six emotional and neutral states in a ran-six emotional and neutral states in a ran-

domised order (interstimulus intervaldomised order (interstimulus interval¼7 s;7 s;

total timetotal time¼20 min). Participants listened20 min). Participants listened

to each sentence then circled on an answerto each sentence then circled on an answer

sheet which of the six emotions or neutralsheet which of the six emotions or neutral

state best described the speaker’s tone ofstate best described the speaker’s tone of

voice. The presentation order of all 35voice. The presentation order of all 35

sentences was randomised across partici-sentences was randomised across partici-

pants. Internal consistency was determinedpants. Internal consistency was determined

on a sample of 101 students (48 males;on a sample of 101 students (48 males;

mean agemean age¼34.2 (s.d.34.2 (s.d.¼3.2) years) on which3.2) years) on which

the test was first validated (Cronbach’sthe test was first validated (Cronbach’s

aa¼0.614). Retest was performed after 30.614). Retest was performed after 3

days under the same experimental con-days under the same experimental con-

ditions; test–retest reliability was 0.96ditions; test–retest reliability was 0.96

(Kucharska-Pietura(Kucharska-Pietura et alet al, 2003)., 2003).

AnalysesAnalyses

The emotion items were grouped into twoThe emotion items were grouped into two

valence categories. Happiness (enjoyment),valence categories. Happiness (enjoyment),

interest and surprise were categorised asinterest and surprise were categorised as

‘positive’ and sadness (distress), anger, fear,‘positive’ and sadness (distress), anger, fear,

shame, contempt and disgust as ‘negative’shame, contempt and disgust as ‘negative’

for both facial and vocal stimuli (Izard,for both facial and vocal stimuli (Izard,

1971). The mean recognition accuracy (per-1971). The mean recognition accuracy (per-

centage correct) was computed for eachcentage correct) was computed for each

valence category for each stimulus typevalence category for each stimulus type

for each group of participants. A repeated-for each group of participants. A repeated-

measures analysis of variance (ANOVA)measures analysis of variance (ANOVA)

was employed to determine the main effectswas employed to determine the main effects

of group, emotion category and individualof group, emotion category and individual

emotion, and interactions between theseemotion, and interactions between these

factors, on both facial and vocal tasks. Postfactors, on both facial and vocal tasks. Post

hoc Tukey tests were then employed tohoc Tukey tests were then employed to

examine specific differences in performanceexamine specific differences in performance

between groups. The influence of indepen-between groups. The influence of indepen-

dent variables (e.g. age, education anddent variables (e.g. age, education and

current mood) on the performance ofcurrent mood) on the performance of

the perception tasks was controlled viathe perception tasks was controlled via

analyses of covariance (ANCOVAs).analyses of covariance (ANCOVAs).

Finally, Pearson correlations were per-Finally, Pearson correlations were per-

formed between mean accuracy scores andformed between mean accuracy scores and

clinical variables (e.g. PANSS score,clinical variables (e.g. PANSS score,

neuroleptic dose, number of admissions).neuroleptic dose, number of admissions).

RESULTSRESULTS

Clinical and demographic dataClinical and demographic data

Patients in the early stages of schizophreniaPatients in the early stages of schizophrenia

were significantly younger than healthywere significantly younger than healthy

controls (controls (PP550.001); there was no signifi-0.001); there was no signifi-

cant age difference between patients withcant age difference between patients with

chronic schizophrenia and healthy controlschronic schizophrenia and healthy controls

((PP¼0.90). Furthermore, healthy controls0.90). Furthermore, healthy controls

had more years of education than patientshad more years of education than patients

in the early stages of illness (in the early stages of illness (PP550.05);0.05);

other group comparisons were not statisti-other group comparisons were not statisti-

cally significant (Table 1).cally significant (Table 1).

Benton Facial RecognitionTestBenton Facial RecognitionTest

Analysis of variance revealed a main effectAnalysis of variance revealed a main effect

of group on performance on this taskof group on performance on this task

((FF¼16.85; d.f.16.85; d.f.¼2,147;2,147; PP550.001). Patients0.001). Patients

in later stages of schizophrenia were lessin later stages of schizophrenia were less

accurate than those in the early stages ofaccurate than those in the early stages of

illness (mean differenceillness (mean difference¼4.63;4.63; PP550.05)0.05)

and healthy controls (mean differ-and healthy controls (mean differ-

enceence¼10.18;10.18; PP550.001); patients in the0.001); patients in the

early stages of schizophrenia were moreearly stages of schizophrenia were more

impaired than healthy controls (meanimpaired than healthy controls (mean

differencedifference¼5.55;5.55; PP550.01; Table 1).0.01; Table 1).

Analysis of covariance (mean score asAnalysis of covariance (mean score as

dependent variable) were carried out withdependent variable) were carried out with

age, education and current mood as covari-age, education and current mood as covari-

ates. The effect of group upon performanceates. The effect of group upon performance

on this test remained highly significanton this test remained highly significant

((FF¼16.17; d.f.16.17; d.f.¼2,15;2,15; PP550.001) after con-0.001) after con-

trolling for these covariates. Years of edu-trolling for these covariates. Years of edu-

cation, current mood, severity of illness,cation, current mood, severity of illness,

neuroleptic dose, duration of illness andneuroleptic dose, duration of illness and

number of prior admissions did not corre-number of prior admissions did not corre-

late significantly with mean BFRT score inlate significantly with mean BFRT score in

patients. Performance of males and femalespatients. Performance of males and females

did not differ significantly on this test indid not differ significantly on this test in

any of the groups.any of the groups.

Facial Emotion RecognitionTestFacial Emotion RecognitionTest

The effect of groupThe effect of group

A significant main effect of group wasA significant main effect of group was

found for performance on the FERTfound for performance on the FERT

((FF¼51.34; d.f.51.34; d.f.¼2,147;2,147; PP550.001). Patients0.001). Patients

in later stages of schizophrenia demon-in later stages of schizophrenia demon-

strated a significantly greater impairmentstrated a significantly greater impairment

in their recognition of facial emotionsin their recognition of facial emotions

compared with those in the early stages ofcompared with those in the early stages of
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Table1Table1 Demographic and clinical data for the three groupsDemographic and clinical data for the three groups

Variable,Variable,

mean (s.d.)mean (s.d.)

HealthyHealthy

controlscontrols

Patients in earlyPatients in early

stages ofstages of

schizophreaniaschizophreania

Patients withPatients with

chronicchronic

schizophreniaschizophrenia

FF

(d.f.(d.f.¼2,1)2,1)

PP

Age, yearsAge, years 36.8 (13.4)36.8 (13.4) 23.1 (4.2)23.1 (4.2) 41.6 (10.3)41.6 (10.3) 38.938.9 550.0010.001

Education, yearsEducation, years 13.5 (3.0)13.5 (3.0) 12.1 (1.8)12.1 (1.8) 12.3 (3.4)12.3 (3.4) 3.303.30 0.040.04

Duration of illness, yearsDuration of illness, years ^̂ 2.0 (1.3)2.0 (1.3) 13.2 (6.6)13.2 (6.6) 58.858.8 550.0010.001

Number of admissionsNumber of admissions ^̂ 1.3 (0.7)1.3 (0.7) 4.6 (2.8)4.6 (2.8) 26.626.6 550.0010.001

Neuroleptic dose,Neuroleptic dose,

CPZ equivalents, mg/dayCPZ equivalents, mg/day

PANSS scorePANSS score

^̂ 365 (165)365 (165) 383 (131)383 (131) 0.620.62 0.530.53

Positive symptomsPositive symptoms ^̂ 11.8 (3.1)11.8 (3.1) 11.7 (3.5)11.7 (3.5) 0.0070.007 0.990.99

Negative symptomsNegative symptoms ^̂ 22.4 (5.6)22.4 (5.6) 26.0 (5.5)26.0 (5.5) 1.421.42 0.240.24

General psychopathologyGeneral psychopathology ^̂ 33.1 (6.6)33.1 (6.6) 34.6 (6.8)34.6 (6.8) 0.620.62 0.540.54

Mood ratingMood rating 62.8 (15.1)62.8 (15.1) 53.2 (23.2)53.2 (23.2) 56.9 (2.5)56.9 (2.5) 2.912.91 0.060.06

BFRTBFRT 83.3 (8.1)83.3 (8.1) 77.8 (8.7)77.8 (8.7) 73.2 (9.3)73.2 (9.3) 16.8516.85 550.0010.001

CPZ, chlorpromazine; PANSS, Positive and Negative Syndrome Scale; BFRT, Benton Facial RecognitionTest.CPZ, chlorpromazine; PANSS, Positive and Negative Syndrome Scale; BFRT, Benton Facial RecognitionTest.
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illness (mean differenceillness (mean difference¼8.33;8.33; PP550.001)0.001)

and healthy controls (mean differenceand healthy controls (mean difference

¼21.74;21.74; PP550.001). A significantly greater0.001). A significantly greater

impairment was found in patients in theimpairment was found in patients in the

early stages of schizophrenia comparedearly stages of schizophrenia compared

with healthy controls (mean differencewith healthy controls (mean difference¼
13.41;13.41; PP550.001; Table 2).0.001; Table 2).

The effect of valenceThe effect of valence

Mean recognition accuracy was computedMean recognition accuracy was computed

for both valence categories (positive andfor both valence categories (positive and

negative) for the FERT. There was a mainnegative) for the FERT. There was a main

effect of valence for recognitioneffect of valence for recognition

((FF¼144.93; d.f.144.93; d.f.¼1,147;1,147; PP550.001), with0.001), with

mean accuracy scores higher for positivemean accuracy scores higher for positive

emotions (Table 2).emotions (Table 2).

Individual emotionsIndividual emotions

Over all participants, there was a signifi-Over all participants, there was a signifi-

cant main effect for expression on thecant main effect for expression on the

recognition task (recognition task (FF¼132.37; d.f.132.37; d.f.¼8,140;8,140;

PP550.001). There was a significant inter-0.001). There was a significant inter-

action between group and facial expressionaction between group and facial expression

on the recognition task (on the recognition task (FF¼2.62; d.f.2.62; d.f.¼
16,280;16,280; PP550.01).0.01).

Taken together, these findings indicatedTaken together, these findings indicated

that patients in the early and later stages ofthat patients in the early and later stages of

schizophrenia were more impaired on theschizophrenia were more impaired on the

FERT for both positive and negative ex-FERT for both positive and negative ex-

pressions than healthy controls, and thatpressions than healthy controls, and that

those with chronic schizophrenia were gen-those with chronic schizophrenia were gen-

erally more impaired than those in the earlyerally more impaired than those in the early

stages of illness (Table 2).stages of illness (Table 2).

BFRT performance, clinical and demographicBFRT performance, clinical and demographic
variables as covariates and gender effectvariables as covariates and gender effect

Analyses of covariance were carried out toAnalyses of covariance were carried out to

determine whether in patients with schizo-determine whether in patients with schizo-

phrenia the impairment on the FERTphrenia the impairment on the FERT

occurred independently of the impairmentoccurred independently of the impairment

on the BFRT, and with clinical and demo-on the BFRT, and with clinical and demo-

graphic variables (age, current mood andgraphic variables (age, current mood and

years of education) as covariates. The mainyears of education) as covariates. The main

effect of group remained highly significanteffect of group remained highly significant

even after controlling for variableseven after controlling for variables

((FF¼32.77; d.f.32.77; d.f.¼2,149;2,149; PP550.001), for the0.001), for the

recognition of positive (recognition of positive (FF¼21.40;21.40;

d.f.d.f.¼2,149;2,149; PP550.001) and negative0.001) and negative

((FF¼24.72; d.f.24.72; d.f.¼2,149;2,149; PP550.001) emotions.0.001) emotions.

There were no significant correlationsThere were no significant correlations

between PANSS score, illness course, orbetween PANSS score, illness course, or

neuroleptic dose and performance on theneuroleptic dose and performance on the

FERT in either patient group.FERT in either patient group.

After covarying for the above factors,After covarying for the above factors,

univariate analysis of variance was per-univariate analysis of variance was per-

formed to determine the effect of genderformed to determine the effect of gender

upon performance on the FERT. Thisupon performance on the FERT. This

revealed a main effect of gender on therevealed a main effect of gender on the

overall performance on the FERToverall performance on the FERT

((FF¼15.44; d.f.15.44; d.f.¼1,149;1,149; PP550.001). Overall,0.001). Overall,

females were more accurate than males onfemales were more accurate than males on

the FERT (the FERT (tt¼3.74; d.f.3.74; d.f.¼148;148; PP550.001).0.001).

There were alsoThere were also tt-test gender differences-test gender differences

among patients in the early stages of schizo-among patients in the early stages of schizo-

phrenia and healthy volunteers, but notphrenia and healthy volunteers, but not

among those with chronic schizophrenia,among those with chronic schizophrenia,

with females in the early stages of illnesswith females in the early stages of illness

and female controls more accurate on theand female controls more accurate on the

test than the males in each group (test than the males in each group (tt¼2.12;2.12;

d.f.d.f.¼48;48; PP550.05 and0.05 and tt¼6.49; d.f.6.49; d.f.¼48;48;

PP550.001).0.001).

Voice Emotion RecognitionTestVoice Emotion RecognitionTest

Effect of groupEffect of group

One-way ANOVA revealed a main effect ofOne-way ANOVA revealed a main effect of

group (group (FF¼108.77; d.f.108.77; d.f.¼2,147;2,147; PP550.001)0.001)

on the total performance on the VERT.on the total performance on the VERT.

Patients with chronic schizophreniaPatients with chronic schizophrenia

were significantly more impaired thanwere significantly more impaired than

patients in the early stages of illness (meanpatients in the early stages of illness (mean

differencedifference¼12.62;12.62; PP550.001), and both0.001), and both

patient groups were significantly morepatient groups were significantly more

impaired than healthy controls (meanimpaired than healthy controls (mean

differencedifference4427.94;27.94; PP550.001 for both0.001 for both

comparisons) on this task (Table 3; Fig. 1).comparisons) on this task (Table 3; Fig. 1).

The effect of valenceThe effect of valence

There was a main effect of valence onThere was a main effect of valence on thethe

task (task (FF¼157.67; d.f.157.67; d.f.¼1,147;1,147; PP550.001),0.001),

with mean accuracy scores ordered aswith mean accuracy scores ordered as

positive and negative vocal expressionspositive and negative vocal expressions

(Table 3; Fig. 1). There was a significant(Table 3; Fig. 1). There was a significant

group-by-valence interaction (group-by-valence interaction (FF¼21.64;21.64;

d.f.d.f.¼2,147;2,147; PP550.001; Table 3).0.001; Table 3).

Individual emotionsIndividual emotions

There was a significant interaction betweenThere was a significant interaction between

group and the categories of vocal expres-group and the categories of vocal expres-

sion (sion (FF¼5.25; d.f.5.25; d.f.¼10, 286;10, 286; PP550.001).0.001).

Both groups of patients were signifi-Both groups of patients were signifi-

cantly impaired compared with healthycantly impaired compared with healthy

controls in the identification of all vocalcontrols in the identification of all vocal

expressions (expressions (PP550.001 for all comparisons0.001 for all comparisons

between each patient group and healthybetween each patient group and healthy

controls), but patients in the later stagescontrols), but patients in the later stages

of schizophrenia were significantly moreof schizophrenia were significantly more

impaired than those in the early stages inimpaired than those in the early stages in

the identification of all vocal expressionsthe identification of all vocal expressions

except fear (except fear (PP550.34; Table 3).0.34; Table 3).

Neutral tone and clinical and demographicNeutral tone and clinical and demographic
variables as covariatesvariables as covariates

When the neutral tone of voice, age, yearsWhen the neutral tone of voice, age, years

of education and current mood were takenof education and current mood were taken

into account, the effect of group remainedinto account, the effect of group remained

highly significant (highly significant (FF¼72.25; d.f.72.25; d.f.¼2,149;2,149;

PP550.001). The adjusted mean difference0.001). The adjusted mean difference

between patients with chronic schizo-between patients with chronic schizo-

phrenia and those in the early stages ofphrenia and those in the early stages of

illness wasillness was 777.12 (95% CI7.12 (95% CI 7712.39 to12.39 to

771.85); the difference between those with1.85); the difference between those with

chronic schizophrenia and healthy controlschronic schizophrenia and healthy controls

waswas 7728.78 (95% CI28.78 (95% CI 7733.60 to33.60 to 7723.88)23.88)

and that between patients in the earlyand that between patients in the early

stages of schizophrenia and healthystages of schizophrenia and healthy
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Table 2Table 2 Facial expression recognition accuracy for the three groupsFacial expression recognition accuracy for the three groups

StimuliStimuli HealthyHealthy

controlscontrols

(% correct)(% correct)

Patients in earlyPatients in early

stages ofstages of

schizophreniaschizophrenia

(% correct)(% correct)11

Patients withPatients with

chronicchronic

schizophreniaschizophrenia

(% correct)(% correct)11

FF

InterestInterest 70.5 (21.2)70.5 (21.2) 60.0 (22.0)*60.0 (22.0)*{{{{{{ 41.5 (23.4)***41.5 (23.4)*** 21.721.7

HappinessHappiness 100.0 (0.0)100.0 (0.0) 90.0 (14.9)**90.0 (14.9)** 90.5 (5.8)***90.5 (5.8)*** 9.09.0

SurpriseSurprise 87.5 (19.1)87.5 (19.1) 72.50 (17.6)**72.50 (17.6)** 68.0 (23.1)***68.0 (23.1)*** 12.812.8

SadnessSadness 89.0 (12.5)89.0 (12.5) 75.5 (17.8)***75.5 (17.8)*** 72.5 (22.1)***72.5 (22.1)*** 11.911.9

DisgustDisgust 65.0 (27.7)65.0 (27.7) 51.5 (22.25)*51.5 (22.25)*{{ 39.5 (24.7)***39.5 (24.7)*** 13.013.0

ContemptContempt 51.5 (26.9)51.5 (26.9) 37.5 (25.8)*37.5 (25.8)* 32.50 (27.3)**32.50 (27.3)** 6.86.8

AngerAnger 93.5 (12.2)93.5 (12.2) 88.5 (16.1)88.5 (16.1){{ 78.5 (23.6)***78.5 (23.6)*** 9.09.0

ShameShame 55.0 (24.7)55.0 (24.7) 37.0 (22.7)***37.0 (22.7)***{{ 26.5 (17.8)***26.5 (17.8)*** 21.521.5

FearFear 91.5 (15.6)91.5 (15.6) 76.5 (22.81)**76.5 (22.81)**{{{{ 63.0 (28.2)***63.0 (28.2)*** 19.519.5

Positive emotionsPositive emotions 86.1 (10.6)86.1 (10.6) 74.5 (13.2)***74.5 (13.2)***{{{{ 66.6 (15.0)***66.6 (15.0)*** 27.627.6

Negative emotionsNegative emotions 74.3 (11.9)74.3 (11.9) 61.1 (11.8)***61.1 (11.8)***{{{{ 52.0 (14.0)***52.0 (14.0)*** 38.938.9

TotalTotal 79.1 (8.9)79.1 (8.9) 65.6 (9.7)***65.6 (9.7)***{{{{{{ 57.3 (13.1)***57.3 (13.1)*** 51.351.3

**PP550.05, **0.05, **PP550.01, ***0.01, ***PP550.001 for post hocTukey test comparisons between control and patient groups.0.001for post hocTukey test comparisons between control and patient groups.
{{PP550.05,0.05, {{{{PP550.01,0.01, {{{{{{PP550.001post hocTukey test comparisons between patient groups.0.001post hocTukey test comparisons between patient groups.
1. All ANOVA significant at1. All ANOVA significant at PP550.001.0.001.
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controls wascontrols was 7721.60 (95% CI21.60 (95% CI 7726.93 to26.93 to

7716.38).16.38).

Furthermore, the main effect of groupFurthermore, the main effect of group

remained highly significant after con-remained highly significant after con-

trolling for all these variables for recog-trolling for all these variables for recog-

nition of positive (nition of positive (FF¼14.16; d.f.14.16; d.f.¼2,149;2,149;

PP550.001) and negative emotions0.001) and negative emotions

((FF¼77.13; d.f.77.13; d.f.¼2,149;2,149; PP550.001).0.001).

Pearson correlations between thePearson correlations between the

mean score on the VERT and neurolepticmean score on the VERT and neuroleptic

dose, PANSS score, duration of illness,dose, PANSS score, duration of illness,

and number of prior admissions were notand number of prior admissions were not

significant in either of the two patientsignificant in either of the two patient

groups.groups.

Finally, there was no significant effectFinally, there was no significant effect

of gender on VERT performance afterof gender on VERT performance after

covarying for the above variablescovarying for the above variables

((FF¼1.76; d.f.1.76; d.f.¼1,149;1,149; PP¼0.18).0.18).

Correlation between facial and vocal emotionCorrelation between facial and vocal emotion
recognition tasksrecognition tasks

After covarying for the above variables,After covarying for the above variables,

correlational analyses were performed tocorrelational analyses were performed to

examine any association between per-examine any association between per-

formance on facial and vocal emotionformance on facial and vocal emotion

recognition tests. A significant but smallrecognition tests. A significant but small

positive correlation between performancepositive correlation between performance

on the FERT and VERT was found in eachon the FERT and VERT was found in each

group (patients with early schizophrenia:group (patients with early schizophrenia:

Pearson’sPearson’s rr¼0.27;0.27; PP¼0.05; patients with0.05; patients with

chronic schizophrenia: Pearson’schronic schizophrenia: Pearson’s rr¼0.39;0.39;

PP¼0.005; healthy controls: Pearson’s0.005; healthy controls: Pearson’s

rr¼0.46;0.46; PP¼0.001). Further correlation0.001). Further correlation

matrices were constructed to examine thematrices were constructed to examine the

strength of association between processingstrength of association between processing

of individual emotion categories in theof individual emotion categories in the

two modalities (i.e. facial and vocaltwo modalities (i.e. facial and vocal

emotion recognition). In the healthy controlemotion recognition). In the healthy control

group the only significant cross-modalgroup the only significant cross-modal

correlation was in the recognition of angercorrelation was in the recognition of anger

in faces and voices (in faces and voices (rr¼0.49;0.49; PP550.01). In0.01). In

both patient groups there were no signifi-both patient groups there were no signifi-

cant correlations between performance oncant correlations between performance on

individual emotion recognition in facialindividual emotion recognition in facial

and vocal recognition tests.and vocal recognition tests.

DISCUSSIONDISCUSSION

We aimed to examine the nature of facialWe aimed to examine the nature of facial

and vocal emotion recognition abnormal-and vocal emotion recognition abnormal-

ities in patients with schizophrenia atities in patients with schizophrenia at

different stages of illness. Four majordifferent stages of illness. Four major

findings emerged from the study.findings emerged from the study.

Cross-modal emotionCross-modal emotion
recognition impairmentrecognition impairment

First, all patients with schizophrenia wereFirst, all patients with schizophrenia were

impaired in the recognition of emotionalimpaired in the recognition of emotional

and non-emotional facial and vocal stimuli,and non-emotional facial and vocal stimuli,

supporting findings from previous studiessupporting findings from previous studies

demonstrating a generalised perceptualdemonstrating a generalised perceptual

deficit in schizophrenia (Kerr & Neale,deficit in schizophrenia (Kerr & Neale,

1993; Mandal1993; Mandal et alet al, 1998; Hooker & Park,, 1998; Hooker & Park,

2002). The deficit in emotion recognition in2002). The deficit in emotion recognition in

all patients with schizophrenia remainedall patients with schizophrenia remained

significant even after covarying for thesignificant even after covarying for the

impairment in non-emotional face andimpairment in non-emotional face and

voice recognition, supporting previous datavoice recognition, supporting previous data

indicating a specific deficit in emotionindicating a specific deficit in emotion
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Table 3Table 3 Prosody recognition accuracy for the three groupsProsody recognition accuracy for the three groups

StimuliStimuli Healthy controlsHealthy controls

(% correct)(% correct)

Patients in earlyPatients in early

stages ofstages of

schizophreniaschizophrenia

(% correct)(% correct)11

Patients withPatients with

chronic schizophreniachronic schizophrenia

(% correct)(% correct)11

FF

HappinessHappiness 92.9 (11.3)92.9 (11.3) 70.4 (21.8)***70.4 (21.8)***{{ 59.6 (24.0)***59.6 (24.0)*** 36.336.3

SadnessSadness 85.0 (16.7)85.0 (16.7) 48.4 (28.5)***48.4 (28.5)***{{ 36.0 (16.1)***36.0 (16.1)*** 56.156.1

FearFear 84.2 (17.9)84.2 (17.9) 50.0 (31.1)***50.0 (31.1)*** 44.0 (31.2)***44.0 (31.2)*** 29.729.7

AngerAnger 97.1 (7.1)97.1 (7.1) 71.2 (21.0)***71.2 (21.0)***{{{{{{ 54.8 (30.4)***54.8 (30.4)*** 48.348.3

SurpriseSurprise 84.6 (11.8)84.6 (11.8) 70.4 (21.4)**70.4 (21.4)**{{ 58.8 (28.4)***58.8 (28.4)*** 16.916.9

DisgustDisgust 72.5 (24.3)72.5 (24.3) 31.6 (23.9)***31.6 (23.9)***{{ 17.9 (22.3)***17.9 (22.3)*** 68.968.9

NeutralNeutral 94.2 (11.9)94.2 (11.9) 79.2 (23.8)**79.2 (23.8)**{{ 66.8 (26.3)***66.8 (26.3)*** 20.120.1

Positive expressionsPositive expressions 88.7 (8.1)88.7 (8.1) 70.4 (17.1)***70.4 (17.1)***{{{{ 59.2 (22.9)***59.2 (22.9)*** 36.736.7

Negative expressionsNegative expressions 84.7 (11.8)84.7 (11.8) 50.3 (16.2)***50.3 (16.2)***{{{{{{ 38.1 (17.2)***38.1 (17.2)*** 122.3122.3

TotalTotal 86.9 (9.2)86.9 (9.2) 58.6 (14.7)***58.6 (14.7)***{{{{{{ 46.1 (17.0)***46.1 (17.0)*** 108.7108.7

**PP550.05, **0.05, **PP550.01, *0.01, *PP550.001 for post hocTukey test comparisons between healthy and patient groups.0.001for post hocTukey test comparisons between healthy and patient groups.
{{PP550.05,0.05, {{{{PP550.01,0.01, {{{{{{PP550.001post hocTukey test comparisons between patient groups.0.001post hocTukey test comparisons between patient groups.
1. All ANOVA significant at1. All ANOVA significant at PP550.001.0.001.

Fig. 1.Fig. 1. Facial and vocal emotion recognition (% correct) in healthy controls (Facial and vocal emotion recognition (% correct) in healthy controls (XX), patients in early stages of schizophrenia (), patients in early stages of schizophrenia (XX) and patients in late stages of illness () and patients in late stages of illness (ZZ).).
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identification in schizophrenia (Silveridentification in schizophrenia (Silver et alet al,,

2002). The presence of deficits in more than2002). The presence of deficits in more than

one sensory modality (Keeone sensory modality (Kee et alet al, 1998;, 1998;

EdwardsEdwards et alet al, 2001; Hooker & Park,, 2001; Hooker & Park,

2002) suggests a cross-modal emotion pro-2002) suggests a cross-modal emotion pro-

cessing deficit. The right hemisphere hascessing deficit. The right hemisphere has

been linked with face and emotion proces-been linked with face and emotion proces-

sing (Borod, 2000). Our findings maysing (Borod, 2000). Our findings may

therefore suggest a role for right hemi-therefore suggest a role for right hemi-

sphere dysfunction in schizophrenia.sphere dysfunction in schizophrenia.

Interestingly, there were only smallInterestingly, there were only small

positive correlations between the magni-positive correlations between the magni-

tude of the overall deficits in emotiontude of the overall deficits in emotion

recognition for stimuli of each sensoryrecognition for stimuli of each sensory

modality in both healthy controls andmodality in both healthy controls and

patients. These were not present for indi-patients. These were not present for indi-

vidual emotions in either group, however.vidual emotions in either group, however.

It is therefore possible that differentIt is therefore possible that different

emotions are displayed and recognisedemotions are displayed and recognised

more easily in different sensory modalities,more easily in different sensory modalities,

e.g. happiness may be recognised moree.g. happiness may be recognised more

easily from a face than a voice.easily from a face than a voice.

Impairments in positiveImpairments in positive
and negative emotion recognitionand negative emotion recognition

Second, patients with schizophreniaSecond, patients with schizophrenia

demonstrated marked impairments overalldemonstrated marked impairments overall

in the recognition of negative and positivein the recognition of negative and positive

emotions, consistent with some (Schneideremotions, consistent with some (Schneider

et alet al, 1995) but not all previous findings, 1995) but not all previous findings

(Mandal(Mandal et alet al, 1998; Borod, 2000). We also, 1998; Borod, 2000). We also

examined the ability of patients withexamined the ability of patients with

schizophrenia to identify individualschizophrenia to identify individual

emotions. Overall, all patients were signifi-emotions. Overall, all patients were signifi-

cantly less accurate than healthy volunteerscantly less accurate than healthy volunteers

in recognising all emotional stimuli, butin recognising all emotional stimuli, but

were relatively less impaired in the identifi-were relatively less impaired in the identifi-

cation of happiness, particularly from faces.cation of happiness, particularly from faces.

Others have also demonstrated greaterOthers have also demonstrated greater

accuracy in the recognition of happinessaccuracy in the recognition of happiness

than negative emotions by patients withthan negative emotions by patients with

schizophrenia (Doughertyschizophrenia (Dougherty et alet al, 1974),, 1974),

and a relatively greater impairment in theand a relatively greater impairment in the

identification of negative compared withidentification of negative compared with

positive emotional stimuli in these patientspositive emotional stimuli in these patients

in facial (Mandalin facial (Mandal et alet al, 1998) and non-, 1998) and non-

visual modalities (Borod, 2000; Edwardsvisual modalities (Borod, 2000; Edwards

et alet al, 2001)., 2001).

Greater impairment in laterGreater impairment in later
stages of illnessstages of illness

Third, our findings also demonstrated thatThird, our findings also demonstrated that

patients in later stages of schizophreniapatients in later stages of schizophrenia

were significantly impaired compared withwere significantly impaired compared with

those in the early stages of illness andthose in the early stages of illness and

healthy controls (Silverhealthy controls (Silver et alet al, 2002) in, 2002) in

recognising all examined expressions. Thisrecognising all examined expressions. This

suggests a progressive impairment in emo-suggests a progressive impairment in emo-

tion identification in schizophrenia, whichtion identification in schizophrenia, which

may have resulted from treatment withmay have resulted from treatment with

typical antipsychotics, institutionalisationtypical antipsychotics, institutionalisation

or the illness itself. We concede, however,or the illness itself. We concede, however,

that only a prospective design would allowthat only a prospective design would allow

us to determine whether emotion percep-us to determine whether emotion percep-

tion deficits were truly progressive intion deficits were truly progressive in

schizophrenia. An alternative explanationschizophrenia. An alternative explanation

is that individuals in later stages of illnessis that individuals in later stages of illness

represented a distinct subgroup of patients,represented a distinct subgroup of patients,

and would support the presence of hetero-and would support the presence of hetero-

geneity within schizophrenia rather thangeneity within schizophrenia rather than

illness progression. These two possibilitiesillness progression. These two possibilities

are not mutually exclusive, however.are not mutually exclusive, however.

No correlation between symptomNo correlation between symptom
severity and emotion recognitionseverity and emotion recognition
deficitsdeficits

Finally, we did not demonstrate significantFinally, we did not demonstrate significant

correlations between performance on anycorrelations between performance on any

of the emotion recognition tasks and theof the emotion recognition tasks and the

examined clinical variables. This might beexamined clinical variables. This might be

explained by some recent models thatexplained by some recent models that

advocate progressive, essentially neuro-advocate progressive, essentially neuro-

degenerative processes involving excito-degenerative processes involving excito-

toxicity in addition to neurodevelopmentaltoxicity in addition to neurodevelopmental

processes (Garverprocesses (Garver et alet al, 1999). Here, illness, 1999). Here, illness

duration rather than symptom ratingsduration rather than symptom ratings

would then be predicted to be correlatedwould then be predicted to be correlated

with task performance deficits. We didwith task performance deficits. We did

not, however, demonstrate such a correla-not, however, demonstrate such a correla-

tion either; rather we merely demonstratedtion either; rather we merely demonstrated

that individuals in the later stages of illnessthat individuals in the later stages of illness

were more impaired than those in earlierwere more impaired than those in earlier

stages.stages.

Deficits in emotion recognitionDeficits in emotion recognition
and social dysfunctionand social dysfunction

We have provided evidence for the presenceWe have provided evidence for the presence

of pervasive deficits in emotion recognitionof pervasive deficits in emotion recognition

in more than one sensory modality inin more than one sensory modality in

schizophrenia, which appears to increaseschizophrenia, which appears to increase

with illness chronicity. These deficits arewith illness chronicity. These deficits are
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Assessment of themagnitude of emotion perceptual deficits in facial and vocalAssessment of themagnitude of emotion perceptual deficits in facial and vocal
modalities in schizophrenia can be employed as a measure of illness progression.modalities in schizophrenia can be employed as a measure of illness progression.

&& These tests can be employed to examine the extent of heterogeneity withinThese tests can be employed to examine the extent of heterogeneity within
schizophrenia.schizophrenia.

&& Future study should examine the extent to which training in emotion perceptualFuture study should examine the extent towhich training in emotion perceptual
tasks improves illness outcome in schizophrenia.tasks improves illness outcome in schizophrenia.

LIMITATIONSLIMITATIONS

&& We employed static rather than dynamic facial expressions; the latter aremoreWe employed static rather than dynamic facial expressions; the latter aremore
ecologically valid.ecologically valid.

&& Weemployed a cross-sectional comparisonrather than a longitudinal, prospectiveWe employed a cross-sectional comparisonrather than a longitudinal, prospective
design.The latter wouldmore readily determine the extent to which the emotiondesign.The latter wouldmore readily determine the extent towhich the emotion
processing deficits in schizophreniawere progressive.processing deficits in schizophreniawere progressive.

&& Wewere unable to assess in detail the potential effect of the type of antipsychoticWewere unable to assess in detail the potential effect of the type of antipsychotic
treatment (atypicaltreatment (atypical vv. typical) on task performance.. typical) on task performance.
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not specifically related to positive ornot specifically related to positive or

negative symptoms, medication or currentnegative symptoms, medication or current

mood state. Our results are some of the firstmood state. Our results are some of the first

to suggest that in schizophrenia there mightto suggest that in schizophrenia there might

be progressive emotion processing deficits,be progressive emotion processing deficits,

which appear to be unrelated to specificwhich appear to be unrelated to specific

symptom profiles but may be responsiblesymptom profiles but may be responsible

for the social dysfunction observed infor the social dysfunction observed in

people with this disorder.people with this disorder.
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